also concluded that serum albumin is a required factor for the growth of this avirulent strain of Treponema pallidum and they attempted to elucidate its mode of action in defined media.
The present report is concerned with the partial definition of the nutrition of a strain of Borrelia vincentii, designated as N9 (Hampp, 1947a, b, c; Hampp et al., 1948; Fitzgerald and Hampp, 1952) , which has permitted the cultivation of this organism in an infusion medium without natural enrichment.
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MATERIALS AND METHODS
The basal medium employed in this study has been described previously (Hampp el al., 1948; Fitzgerald and Hampp, 1952) , and is essentially a veal heart infusion broth containing thiopeptone (BBL) . For this study, the medium was sterilized by autoclaving at 121 C for 15 ln addition, the relatively high average cell counts obtained when diphosphopyridine nucleotide, adenosine triphosphate, or glucose-i-phosphate was omitted from the medium are more suggestive of stimulatory effects, rather than absolute requirements for these materials.
In an effort to determine the applicability of these findings for other strains of spirochaetes, preliminary experiments were conducted on the growth of additional strains of oral spirochaetes in the basal medium free of ascitic fluid but supplemented with the six substances indicated in table 2. Four strains of the oral treponemes identified as FM, MRB, JH, and N39 (Hampp, 1946 (Hampp, , 1947b (Hampp, , 1951 Hampp et al., 1948; Fitzgerald and Hampp, 1952) ; three additional strains of B. vincentii, designated as N19, SCN, and EH (Hampp, 1947a, b; Hampp et al., 1948; Fitzgerald and Hampp, 1952) ; and three strains of Borrelia buccalis, denoted as GT2, PBB, and NH1 (Hampp, 1954) , were employed for this purpose. All organisms grew well through two transfers under these conditions, with the exception of the strains of B. buccalis, which did not survive. The latter finding was not unexpected, since these microorganisms are more fastidious than the other oral spirochaetes, requiring for growth both a larger amount of ascitic fluid and a serum supplement (Hampp, 1954) .
DISCUSSION
The requirement for five coenzymes and a phosphorylated sugar by B. vincentii in order to reach maximal growth may explain in part the difficulty heretofore experienced in isolation and cultivation of these organisms (Hampp, 1945) . Further the complex nutritional pattern exhibited may be a guide to a better understanding of the obligate parasitism which is usual among the Treponemataceae.
The need for cocarboxylase and coenzyme A is not peculiar to B. vincentii. Steinman et al. (1954a) reported a similar requirement by a saprophytic treponeme, which also required citrovorum factor. There are no reports known to the authors which suggest the need for exogenous diphosphopyridine nucleotide (DPN) and codecarboxylase in spirochaetal nutrition. Barban (1954) has, however, demonstrated a DPN-dependent glutamic dehydrogenase and a pyridoxal phosphate dependent transaminase (Barban, 1956) in cell-free extracts of the Reiter treponeme. In connection with this last, Steinman et al. (1954b) were unable to show any requirement for vitamin B6 for growth of the Reiter organism, whereas in the present work it was found that B. vincentii must be supplied with codecarboxylase. The varied cofactor requisites exhibited by these spirochaetes may, upon further investigation, prove valuable in designing a taxonomic system for the Treponemataceae. This is further exemplified by the finding that three strains of B. buccalis did not survive in the basal medium containing known compounds sufficient for B. vincentii strain N9, whereas strains of oral treponemes and additional strains of B. vincentii reached maximal growth.
The role of either adenosine triphosphate or glucose-i-phosphate in the nutrition of B. vincentii is not clear. Adenosine triphosphate is required in the nutrition of pleuropneumonialike organisms (Smith, 1955) but there are no prior reports known to the authors of similar requirements by other bacteria. With respect to glucose-1-phosphate, the organism does not utilize glycogen in the test system, even when supplied with glucose-i-phosphate. A glucose requirement is also not evidenced.
From these findings it is apparent that the three types of oral spirochaetes studied differ among themselves in their nutritional requirements. Further studies employing a wide range of cultivable spirochaetes will be required before the nature of the essential factors in complex biological materials can be unequivocally established.
SUMMARY
The ascitic fluid supplement normally required for the growth of Borrelia vincentii in a veal heart infusion medium can be replaced by a mixture of five coenzymes (cocarboxylase, codecarboxylase, coenzyme A, adenosine triphosphate, and diphosphopyridine nucleotide) and glucose-iphosphate. The organism reached maximal growth through 12 successive transfers in this medium. Further, four strains of oral treponemes and three additional strains of B. vincentii reached maximal growth through two transfers in the same medium; however, three strains of Borrelia buccalis did not survive under these conditions.
